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,STIMULUS INCOMPATIBILITY IN PHI-MOVEMENT 
lNTRODUCTION 
~J:1t.c-h one se.es .onl:y two· obJects 111 t:he:i:r· t.:e.rm1n:a.l po·.si:t~Q_p.s, 
pressioh o·.f :rn.-bvem~nt fron1 one object to. th·e o··th·er :is gained. 
. ~-· 
Wertheimer _sugg_e~rt·ea .. ·tha t _p.pi ap::t)e_are·d -'more ea.stl:Y when the 1.. 
(I""..-...., 
stimuli were. 11-eq:qa.ls.'-1 ,· with rega-rd t:o figure ·sim·il:ar.i ty, 
:t·h.an ·vJ11en they were ·''u·ne.qual_sJ1 .• 
an.d· .Bpa ti..~l arJ;•angeme-nt were $~~m:ine·cl .e·xf;e11..-s:i.v:elJr ·o:y Or,ltins·ky 
(·1·940) •. He ·d:e.m~onstra.ted tha-t tJ1~-- tE?mp·o~al interval rang$B-
oye.J? -vrhi.c:h ph1.~movement cou:J.d b·e: obs:erved decreased as the-
s:t.·imu.lus.· figu.res departed fronJ .iden.tit·y in certain re$pec·.tis. 
' 
. 
·t .. i-1.~evrls.e:, Squire-s (1931), an:<1. Vqgt- and Gr.ant (1·9.27), s·h.ow·ed 
that P.~l wc1s. impeded- :b.y c:0·1or d.iff:er.en.c:e:s i~. tJ1e· _p:re:s.ente .. d 
:s t:imuIJ~ . 
'.S-~:-it.eral .b:t·her studies (Tulile·s,. '1~)3·'3.;. Fertib.erger; 
193'4.; .Schiller, 19:33) indicate that when phi stimuli h!:):ye 
:o·f ·p:r:~d:i-.o't,s,:b·.'il.it:·Y , .. up.oµ t_he- s-timuli. ; 
1 
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- --- - - - _. -_- - _- - - The foregoing i~vestigatiOhi;- theil, have de(:tn:tte,Iy ---·-
• -~·. : -< 
./: 
indicated that aspects of ·stimulus dis,similarity ~ave an in-
fluence on the ·pe·r.c.e.pti.on of phi. H,o~rever, such stu:di.es have 
one. other- 'e·lement in comm.on. All s:t,J.muli use(l W$re presente.d 
.. 
·Q..i.,r:ectiy b'e.forE:r .the supj ec_t 9 ' ·two ey:e:,s· wi.thout regard for· the 
ret-i.ritt.~, locl s·ti·trrula,t.e.·d .• , The ·prese.nt ,-study i·s concerned .. :in. 
:pt1·r.t :vr_i'tl1 an examinatio.n- .o.f.· .,a :·p·.r:evi·ou.$ly· µ_nf)xplored t:y_]P-e· .:o-f· 
_:ph:f -:3t.imulus presen'ta·.t'i.on--that (5.f :PJ?ie_.s-e:Yita.tl.on .i:h a· s:t-e.re·o-. 
s·:_c::op e ·1n su.ch. a. nJann~r th~·t. c_or·re ~p:.o:nd.ing p_e); in~l IJP--i:11: t.$: a_.re-
-·. · . . ., . . . . - ) 
s.tfrnulated.: .{R·et·it1a.1 po:1nts :vih.ich· pr.eject t.o -the· .sam.e c:or·ti-
pa:L lo.cus 
1
~.re .r,e.fer_r:~d t.-o- ·as corresponding.) ·The phi s:tirnu.lu:s: 
for· -each ey·e co·nsit}ts of :tvro ,s.ucc:ess"ively illumi.natf$d -disc:'B 
.. 
s:ented s:Lmtiltan.eo1J,s).y·. 
Th.e maj.or pu1~po-:r1e -O:f ·thi.:t3 exper111re:trt :t~ta.s t:6· an.:slier 
- . ' . . 
th~ .c11+estj_on_: 11 Wha t will be the~omenol6$i.c1al effect o:f 
·pr·e-s.ent:i:hg conditibns ,s·uff\i.c.ient for phl-mo·vemen.t in .one 
·.dire·ction·· t.o ·one ey:·e While at the sa.me tim-e presenting con.-
, 
' .. 
di.ti-ons Etu:f:fp_ci~nt f;or· pl1i--roov.em(;;1Jt in the op.posi te direction 
·t· \· · .. ·.... . . . . ........ t d. .· . . . t·· . .· . a·· tr • . ·. ·. ·._ • . . •·b·· 1 ·H. 
-11us _pre sen e· we):~e·· · , $rm~. : · i·ncro.:qipat,.i_ e. •. Vvh.e:rl both. ·ey·~ .. q 
:.:rece.-fVed phi .s.t:tmul.:i ::~ti t.he· .sarne .dit)Erct:i·on simui·tane·ou-sly·, 
th.e st .. iniuli w·e:r:e- c6:nsiictered_ lr 9.ompati_b:ie rt. 
and :b:i·:trbcular d.i .. ff.er.ences in th·e per:cep·tto:n:, .. of phi ,iere :sJls.c) 
C-QJ:1:s·id·ered. 
.. 
,s·tlmul.i have i~pQrt.an;t .-irn:pl·t~;=ations for any field the.or.y .6-f 
I . 
I' I I 
' 
. .... · 
, .• . ' . 
. ,.·:' ·.,··. '.,· "'.• -: . '";· ., ' 
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cortical integrB.tion. In terms of Kbhler' s {1940; KOhler and 
Wallach, 'j_944) electrical field theory of perception, a 
. 
stimulus pattern reaching the retina~ is projec:ted isomorph-
- - ... _ -~ 
tcally; by means of the PeI'iphet<a:'i visual pathways, to some 
un1:ipecified region o.t the visual cortex (presumably Brod.man's 
/,i 
-
These regions are conceived of as a quasi-homo-
• · I , "''",•J 
geneous volll.)]le of tissue through which electrical currents 
can flow Wi thciut. regard to ana.tom:tcally oriente'd. connections. 
Wh.en the neural isomorph of a stimulus figure reaches the 
-~ 
" . cortex, it sets up a temporary difference of potential ·which 
corresponds topogra.pb,ically tq the retinstli -ar:bangement, i.; e. , 
- .)~ f. · ·· · · · · · ·t··· · ·1 "-.o· ·b. ·_ ·J-· e· -ct·_ ·,,. · •. ... o.rm s a iC. or·· • 1.c,a - In addition, this cort,ica.1 11 bbject 11 
l!, . 
is SlJ.r:ro.11.nded by a decrea.-s ing p 
al· gradi~nt in: the corti-
Ce.l, field: K8hler calls. this g'radient a figure c.vr:rEihf.~ 
When phi is perceived, the figure current of a fir.st 
stimvlus 
11
A" mus:±; he fully established in. the cortex; tb:en 
/ 
$t'a.:rt to dE)Ca,y just as an a.djB,cent fig'u:re CUP.rent f;r-Oin a. 
S:($cond stimulus 11B11 is arising. A 4ynamic uniqit or p:rogreSI3ive . 
a}gebraic summation of :f'igure currents i.s thus produced. It 
' .. 
ts this interaction pur;ent, fr"om the dec·ay of ,;An and the 
simliltaneous ri,se of HB", which causes a P.etCeived Cohtintio:us 
shiftine;, or inovemeht,.- r!'om "A'i to 11B11 (KDhler, 1923). This 
( 
"' 
sht:f'ting occurs orr'"ly wb.en t, A" a:nd. i'B1' have speCific 1Spa tiaJ,. 
. ..., ' . 
and temporal · re18.tionships (Korte, 1915; Neuhaus, · i930) ~ 
Wertheimer has dest-.-.ibed this bridging o:f the gap 
between two stimuli as a sort of cortical short circuit be .... 
": 
_.-:-:--., ..... 
,. 
tweep two ree;ions of relatively high potential (Wertheimer, 1912). ·' 
J,J"' 
-·-
' .. _, ... ' ,·.· ~. -
! 
·, ' 
·,·-~:·;~..;, 
I 
I 
·, 
I 
I 
I 
I ' 
I 
I 
I 
! 
r 
' 
~ .. ,. ~ ... 
4 
-· ·-- ,-,:-··· ' ....,....~- 1,-." ... ,It'••-··-·--··- , .• ~ ... -- . - ----.... - .... __, ... - -- -- -··-·-·:·--·· ___ ,.__ - --
• t,l 
Ar.rq·tl1e·r·-··as:sumpti~on~ u:nffer-Kohler I s· the:ory is·. --that- th~-- -- --
e·xlstence of .a. ·figure clirren·t · in the cor.tex .for any: length of 
time cau1'ses 0 rr:sati-a·tion'1 or decreas·e·d ability for the 
-~$t-abli shment of .. another -'figure current in th·e. same. place. It 
:must b~ assumed, then, that the 1nt·eractio __ p.:. curr.en-t: b·etwe~n 
• • 
. r ~ , 
: • 
-·, twq phi produc1ii€5 cortical JfbbjectsJ' wJll'. a1so ca~"se a satia-
t_i_.on--and ·that this- sat:ia1:,ion .will b .. e: of th~ p;~th,vay between· 
' the t/vro: u·ob J.ects_~n. 
:I<olJl:e·r··, .s·· ·~t-hE}or:y· a.;s$11.m.e)3: ·th~t wn..eJ1_. oo:rres.ponding 
. . ::r-e:t-t11t~l- JJo·lnt,·s .a·re .. excit:e·d 'by ~;n.cqmpati.ble sti-mu·11, as in this 
.e·_x;pe-riment, co·nd.i'tion ..s sµ·:rr:icfi-ent :for p_roducing a nshort. 
.I.·t, follovrs,. ·then. tba t the ·t)ro ~J1m:mat.ive i:rrt:e:ra·ctions -thus· . . ' 
·s·tirnult, t:neir ·-a·l.ge-i:)ra.10· sum at .any .monrent should. be zero. . ' 
~ 
'T11us,, 1c3._ .e:onip'let.e- breakdb"\·m of phi is _pr.edi_cted.·.v, 
ter\tal between :t1te fi1"ast, and :second. atimulus shou.ld p.roduce phl. 
:On. the: other :han.d. wh·:e:n ''t,he comnatible stimuli- are ; . .. . . . . ,· . .. . ' - •' ,· . . . .... . 
. . ·. . .· 
1:tt.trc:rduo·eQ;~ their .iY:1t._el~E!,c~t:i.on -wo11-i:g be expected to sununctte in 
.suc:h .. :a 1nanner. ·as t:o ehhan·o:-e the per.eept_:1.o_n of ph-i._ .... ' _. .. ,~· 
An i~ab.iJ.i. ty to per.ce:i·ve phi tri:th. inc_oIIip$."tible 
stimuli is al.so predicted by a. !"1a-rs.J:1all. and Talbqt type analy- :· ., 
sis~ of contou:r ::f'orrna.tion. Under· this tl?,eory contours are 
thought of as arising from differential rates cif fire in ~rea /7. When the clistributions of impulses arising fyom two 
~ .. ·•· 
~·· 
·""" 
. " ,,- ~~-· . - ;::-: ... ' 
' 
'" 
' 
' ......... 
... • ";-:":~:·-:· .. : ....... __ .. _ ................ .i; .......... ,. .... - ...... ..,., ......... ___ , ______ •••••••• -, ...... -..'..;...~.:::~.., .. ....._ ------"":"'."1•'1'-• ...... __ ~',v\', ... -~ ....... ·:.,-· ........... ' 
- . 
···--·--····-··-···-- -···- --.,-· ·,·:. '.·· --···-- -· .... ·- , ........... ' -·-·-···--··--·' ....... -- -· ... :"T·. ··-· -·-; ······---.,-----·-·----···"·.-·,······"'.·~ .. :-: .• ,·--:-· ., ...... :.,,.· .. i ........... _ ..• ; ................ - ··----~------···-·· ···:··'"··-------·-·---··------··":· ..................... . 
· spatially and temp·.6::t•a1.iy adjace!lt contours·: overlap!. exci tatfr9n .--~ .•·' 
' !, 
I 
I 
peaks of the t"ro· _con.tours are considered t6 be mutually 
I 
l 
.shifted and -phi -1,s prot]Jtced ( Osgood, 19?3). I.f the same 
... 
regi.ons: of. ar:ea 17 1i·ere: g_:iven condi tion.s fo.r :Phi-movement· in 
opposite directi:o_:r1s:,. simµ._l taneou.,ely, the summat.ed intera.c't,-ion 
. 
-
o,f. excitation .Peaks woul'd,. again, be zero, and Q.11·1y· tJ1e P-$_:r.---. 
. ..... . 
. 
c'.eptiori or· the stimu~.i in tJ::teir terminal positions Should he 
. .,1. 
p·ogEri,ble:. :Th.j/s :type· of ~nalysis is str'.ikingly sin1:il~r ·t-cj 
• • 
. ' I 
• 
' . l~. .. . . '·, 
.Kob.ler s, but d·oe.s ·not. :ignore curren.t cytoarchitectonic .q:pn~ 
;, 
" '£, 
, $iderations -Or r,equire rec·ou.rs·e to· ·a" cortict;tl .~leCtricg;J. f:ie·fd .• 
The :prec:edine; tw·o t:ypes .o-f ai1alyses. pa:ve p .. red~.icted 
. 
' 
' . ~ 
.. 
:t~he e:f°fect o_f inc.omp-atiple Ertim~_li qn P ..hi :s·b.ot1l.d the neur·a.1 
, s·itua.t.:L¢:ti .here, however',· i:&r in essence the same, ,a·s. tJ.1o·s.e .. 
wh.i'c·h _produce retinal ri v·alry. This pheno:men.on -o:ccttrs when 
:d.issiIIi.ilar figures are ·-presented t-o. each ·ey·e stm1llt~n·e.QU$.lY·, 
:.:i?e.sui.-ting in an alt:e~rna.tion of .~hiqh. -figµre :Ls. perc.eived. a.·£: 
' ; ... 
any: ·one m:.an1ent·. fJq·ring retina-1 ·r1.valry f.t is thought thgt a 
:c~rrtr~l s:uppr.e·ssion of the non-perc-eiv~:d image occurs_. ·sotrre-
···. whefre ·along the opt.ic pathway:, and., that the e.ye: wri-icl1 
t·he ·image most rea.dily :disp.lays a' ho·l.QC1llq.f, OiOIItin.ance. Th.is r 
. . 
t·ype of domt~an.ce :;iJ?{ ::inde.pet1dent. ·o.f a.- :c:·e·re.b:r.al l1emispheral 
L 
i 
. ~ . . r: dominance ·o.r· hand~_dnesB o.r. ·o·cular· .mu.scul0ti.ture eyed-ness 
By -noting the effect,s. 
of incompat-ib1·e. s·t_imul-i., the pre<sent study wtll. be able .t:o . 
. ..:· 
•, . 
:dur.ing ret·1na.1 r:i v·a·1~y. 
·~ .. 
··~ 
·:. ·~ ... • ; 
. . . __ ,.· ..... ' ·: --. -·- ·: . : ·~. ;·, ~: ... _ .. ,. .-~: ,, ~ --"~·.:f~:.P· :.;_ .; .. ;. ··-···-. --~-·.,· .... ;:;. --- .: -·· -~:-"-:-·-~- .-";----,--: .... ,, . ' ... ----.~ ·-·-, ... - ·.· 
.. ······ 
•, ~~i-·(. ::..:.· 
··,.:,-, 
, .... · . ·, /O">i ,'i,-•. 
· .... ···-·--·':·_.,.· ··~-----·--...... -........ ....:.....~.,.,.,....,,;,...__. ................. -..........,~----~-- -
6 
A SUP·$·1.·dfa.ry portion o,f this experiment all·ows for 
a comp~rison of monocular versus binocular percept.ion of phi~. 1l_·- >. ., 
Shottl,d rivalry occur rather than a breakdown of ·Ph.i, .a com;;. 
'par-ison between the eye which sees phi fast· re.-a.dil:y during a 
monocular presentation and the eye which s_ees :phi n1ost readily • -.. J 
·during presentation of - incompatible stimuli_ wil:~L be possible. 
This type of comparison i~, .i.n es.senc:·e, a· test· ·ro.r- ho:locular 
.. l~teral:it·y. ,Should rivalry not .occu.r-, ·then monocular versus 
b"i.n9cul:ar. pe,r-~~ption of ph'i-.movemen.t in t:he same and different. 
:d:i.re·cti:ons wi.11 be tested. 
In summary, then, the p:r.e:r:r$,:q·t, stua~'.Y .i-·s eon.c'.erried 
w-:i·-t·h :fi.lJ.:e f o.llowing: 
' 1. An Etxt,e11:sio.u o.f. qu.r1~~_nt kn.ttv.tle.d-g:~ o·f ·the e·f.f:~:<rts: 
.. ... : :8. An: ?Xperamen·tal $X~1ni11ati·o·n of -Kclhle:r·' B. -~lnd ·o=f 
,• Mar:.$._h,~_11 :an.d Talbot '-B a!:iaI·yses_ .of tJ:1e _pe:rc.epti.o.n or· pi1.i. q.\1r·ing 
·p·resentat-i.on. o·f ip.c·-onx:pq,tib·l~ .st·_i-mu:l:i, •. 
· .. ,:·_:,")\. 
_c, 
.3. ·-Inf(>rmation re·1evant: to the determina·t.i{)n. q:f· the 
l:o.c.u-s .o .. f :sµp.p·re ss-i.on during retina;1 ri·valry. 
4 .•. A te·st :for holoculrtr l~terality. 
5 • A t-e:st for 
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METHOD 
:Th'e· -9ubj e.c t.s: vl'.e,r:e: 10 1rn1le co:11:.eg·e. :_s.tu.de.n:t:s 
-. .. 
·. 
b$t:vr~~n tlie :ages of 2:0 artd t{3·. J3µb Ject.s ·-vte··r~ sele·c-ted for: 
·etmrtetrqpi-Ei ·o.n :th·e ·ba9.?/B· ·of· -the·ir r-e-po:r·ted hist·o.ry o.f re.@r·~_c>t:i.on.. 
·Tne:y we-re n:o.-t tet3·tec1 for phorias since pe:;rtodic c.h·ecks· on_. 
tb.e ex.periment. 
J 
Apparatus. 'The: :~p:para:t:u.s: :~n:)~stb.l.:e.:.d.. tbJ2: p:res~nt9t·t'i-ort of· 
s--.ttmu:li sufficient for prodµcing .Phi 1;,--o: ,e_i.t:her ~ single ·eye :o.r 
t·o :botlr eyes s-imultaneous-ly·." 
-"I>.. ' . 
::Left. f:or ·eithE;·-r ey·e. In. add:_ition, the. t~mp·.oral ·-in·terva·,1 b:e·~-
·t1.1-ee.n t.1Jf:; ·te-rrh.inat:.iQn ·of the: fir~t prti s·t·imulu:_s .ca.nd the ons·.e.t 
:of -tl1e se:cond c.ou·ld be var·i:ed ir1 10- m.il.lise:e.:·orid steps from 55 
to ~95 tnil.liseconds. 
rx'h.e. ·visual d_i$J?l~:Y ·( s:e·e' il.lu.?t:ra·ti.on ,I) 'fo:r each 
-~-Yf~ c:ons·is:te.d. ·:of t.v10. 1/l:J---'r \~ht·te: dis-cs:,: :3.:/4· 0 ap.art., 9ent~r to: 
.c·e11·tei~,. :survou.ndecL b.y· 1J:la_ck ca-rdboard. E$...ch··· ·vras vievre-d t·hrough 
ope li:a,l:r· of ... a: mi.rro .. r s·t,e1~e·o·sp.ope fro:rn a· di$tance of 11 .. ~n.-o·hes. 
Ea:cl1 .-a1.s-.c, was. lighted _:from behin~·:, at the.- :appropr:iate :titne:s·,, 
by a 'GE. N·E-11 neqn lan1p fo-r a. 411:ratiort ·,of ·i·oo n1ill:isec:o.n¢l.:s-.• 
T·he }1rm$ ·-o·f tb..e stere.os ..cone: ·1,re.:r.e maske·d with black ,cloth :t:d . . . ...... . . ,,..I" ,• . ' . .. ' 
:oon.trol .ambient ligh.t·, b"LJ.t Vie.re ·1,e·f:t µndraped in ·tn.e. ·ba:t~:k· t:o·, 
- ·. ---·· :·.-· .. -- : .. ~ , ..... '7. -: 
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. ~J·.""" Preliminary experience ·with the apparatus 
i.ndica ted: that when the st:tmulu:s_ discs -appeare,£1 in total da·r.k:-· 
ness, an autokine-ti.c :.eff·ect- was: obt:~inec;l which ·com:p.l.ic-at.-·$¢l 
I 
the stimulu:s situ:at1·ol1 •. 
. -. ', .: . . . . .. 
./' 
··.: 
:Order of pr·e.senta.t-ion of ·the r:ta:she·s· •. 
.:.:. ·[ 
'11'.rre d.:evic.e con~ste·a of a h.e-ayy· .du.t·y 30- rpm s.yn-
··Chronou~s. motor 1vhich turned a tungsten ·wir .. e ·bru·-sh rot·o·r 
1;1;crost .a series of //12. co}::rper wire contacts, geotnetricaiiy '~. 
int:e-rval desi.red ··vra-$- se_l:e·c--te:d ·by· a :mu1 t_i-~p·o:sition :r.otor .svrt t·cn .• 
T-1.v;o o.oub·l.e-1>0·:le.,_ ·d:ouble-tbrovr s\vi·tqhes ·qontroll·ed 
·the .. :dir.ec·ti.o ..n. o.f n.r·esenta-tion o·f flas·he,-s .and also. to: vihich-,._:._:. . .. · ... ·• :: . - . . . - . . -. ~·- . . ; ' - . . . .. . . .. 
~-ye :st_lmuli vrere to app-e.~r. 
"As you :10·01r in:t,o th.e :ap"9:.aro .. tus:, you ·v·1il-l 
·see four. vvhi te· di,sc s. I ivant you. to,. ·adjuBt tp-e 
appara tu.s so tl10 t all four. di s_cs fuse in'to tvvo, 
and to make sure that you $88 only t~o~disqs ~t 
any time during the experiment. . 
During tl1is e:xperiment, I am go1ng to va:r·y 
the temporal inte.rva.l betv1een flashes of the 
·white discs. A sl1.ort interval looks. l~lr.e this--fpresente.d :?5 milliseconds); a long interval lopks like this--(presented 295 milliseconds). If you ~e~ movement, I want you to say 'Right' 
-o·r· •Left'; depending on its direction. If you 
see n:o movement nlease renort 'No' '' . 
' .I. 
... 
• 
Du.ring tb_e latter part of ·'tl1e instructio_ns,. :su:bjeci):-s 
. 1,fe.-r·e given an OlJJ)ort1:1nj:._t_y ·t:cr c·:om-pare the sl:i;ortes.t in:t·e._rval 
·-·. - : ~. --· - . . ·- ·-· 
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·the equipment ilvas capable tYf p:J?·odu.ct·ng::. w:i. th the longeBt in-
·t,e:-rval. Tl\e shortest int$rv·a1. pro·d1.fces a stimulus which 
e the longest in-
terval i·s e.as-::i..;J __ ·y·· s_eei1. .aA3.: ··two- di_s·cr:ete fla~hes_ in Siiccessi6:h_. 
The phenom.enotio'lo·g:1:cai :q.if:ference ·b·etween m.ov·em.e~'"t- and non,-· 
movement situation_s iva-s ·thus c.learly $St_ctb1-ished~ · 
T.lte method .of -l·imits usi:ne; a.sce:nd-inf5 and_. ·d_e·so .. end--
i.n:g tria:is ·wa.s us.ed to· measur·e the te-rpp.o·ra-1 :tn--t-erva.·1 __ at 
wh_tG·ll ·the S changed. h:is :respqn$$... T-h:e me·an. c)f ···the:$·~-,~t:w._o· 
.J 
1-l 
interval~s ol)t,ained. was taken as a -megsure of the Ihb'tion..,,. 
,1....,. 
. . ··' 
and_· .. s·.e::·es ·9-r11y :tw.o d_:i(scret.e fl-a~h-~-s:. 
E.a.ch. S ·received a_ trairt1hg s·e,sqion :c:o·ngj_'·s-·t:rn_g cYf' 
.. 
tr:it:tl :111a-s asc:~nµ:in-g or· de'r3c:endiJ1g:, 11as. randomly select:ed ·1v1ithin_ 
varied to 
- a maximu.rn of 
four prE,sent~ tiollS of the sg;me stimulus be'· . e being 'Fequired 
·to '.8:lve. the·ir jud·ge.ments.- . . . A ·3·0 sec._ond rest· J. riod 1tfas given: 
after each. condi ti6n. No two subjects were g:i:.. ~ the same 
;~.: ':-0 >-. 
o_;r:d~J".) of p.res~nta-_tiori .• 
" -~ .=· .. 
temporal Emcees siomr of fJ.9'shes' Which normally produce :ph:l, a,& 
• ·· . .0 
• '? 
.The qopq.it.io.ns consisted of pr_E;:sent.ihg 
. . . ' . . 
:m-anner: 
.-· 
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,.;_s-:, 
~: 
. .. .. '·:-~. 
Condition i-· ·.l.$=ft to= righ:-t 1~·or ;both ·e_y-fJs .•. 
fl 
·u -a· 
Jf.: 
fr.· 
H 
··. 
· ..! i. 
·2,- ·right t·o .lef.t ·r:o::r ·bot:h: .e·yes· ..• 
.3~ l:E.rf.t to r·ight f,or the l·e.=irt e)/e- a:p·d 
rig_h-t to l·e·rt fat t_h·~ r:t.-g.nt e,t/e:. 
4~ le:_ft .. :to ·:r1g:ht f··or ··t:·:he· -1;,·igh-t e.y·e.· 
:cl11::cl __ ri:&Jl1t to· lef.t fo:r the 'le:·ft :e·y·e •: 
-A-· i:e·ft to- rigb.t for the le.rt· ey.e.. 
··B··_·_ .. 
·---~- r:i:gJgt t·o left for the lef:t~. ey:e:_. 
":Ct~- le.ft:· to right fo.r t·he right e-.ye. 
.)" 
incompaf;ibl,e. ¢0:rrdition:s A, B, C, and D are irionocul.$.:r pres-
·entati.on.-s. 
12 
- . The E;xperime:nttl session, Which. f011owe:d the train-:: . 
ing se9'sio.rt, c.onsisted ot three blocks of the eight conditions 1· 
presented i11. the same. rnannE;;r as ib the trai:ntr:tg session. 
Pbints Of response change wer.e recq;rd.ed for each trtal. 
-
.Puring p.resentation Of incompatible stimuli, points .Of :response 
change were to be recorded for each eye if tetinal rivalry 
.o-c:cur.1~ed for a: $ttffic.ie:p__·.t :du:r~ti:on to p·e .. rrrrlt .m:ett.surement. 
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RESULTS 
.. ,· -.: '}fo.·t.:i'on-Suo·ce·st3·i.o.n thre-Sh.o.l·ds .f·or :e:a:c}h s:ubj'e.ct -w.e·re 
.d$·:t,e::qmin.ed b:.y t·~kin.g means between as:·c.eridi;n·g ·an.d_ .descend:Lng 
-t:ri-als:·. }leap threshold:s, for each, .s:: ~rere: then. ob·t.,ained ove:r: 
13 
c:·ompar1-sort:s \vas, u; . B.ed ·to .. deteru1:i..n_e the s:Lgnifi:c·anoe ·of d:iffer:~ . 
.. 
·et1c:eis ·b·etwe .. en me:an .. m·o.t'i .. on--su.cc·e-"t1Bion threshold·s for, ·the ·ten 
. . . . - . . -.. . .
 -; . . . 
. 
. .. . . .
 . . . -.- . " . 
;.,. - . . . . . . ·. 
. 
$~bjec·ts :tor thE? .d-i-,ff,e·,r:ent: .co.ndi-tt.o.r.1s (Ed·1v1:ard.s, :1:960; Lewi.=s,_. 
:1,9.60.}.. Fourteen coDip'$.r-J:$Q.n;$· pe:t·we.e-n. :con·d_J;t_:t.-~)ns ·vrere :ro~d.:e::·:· 
·B··· v·, 0 2·.-
.::i. •. 
d} .:a, v·s ·1. 
e} D· ViS· .. 2.·: 
·f)· 
·. :g>)-·· 
. ,.. . '. 
I ; . 
B .. :arid D ·v$ 2 ·. 
h ·)·· : ·, 
.... . . 
.. A ·v-s :.C 
. 
. 
. 
·• ) :1.,_: 
j} 
., .. ,. 
I.} C: v·:S l~ .··rtg·ht 
m} D: ·vs .3 .:r·ight. 
n) ---~-. 1: V.$ ··2 . ··'-;,.·' 
v.t{·ltte-, -whi.ch, if EJ,q:uale:4 o.v. exoeeded by: any c,ornparisox1 1-'fould 
in=:d'i·ca·te·· :si.gnificance :_at the 9 ..5:% le-ve:1. :o:f ·con·fidenc·e,. Vlc.1;s · 
.~C:'ou.nd 't·o b~ 6,283. 
ot.: .05, -and also at~-= .10, th:e c·ortfiden.c·e lev·el sugp;est·ed 
by Scheffe, in view of the .. 1-aek. :d·f .-s·en.sJ_t:.i_vi t-y of the t-est. 
,;.-,...,..;,,;.. . .:: · . ..:..;.. ~_ . .; . · .... _~·· : .. ~. ·-'. .. ;·:.·. ; .. ::: .. ~ .. : .-··: ~-
.. -· ... , .......... .. - --· ;._ . ~_ .. ··- -'--·-··· 
--·· ·-· _ .... 
.... 
.,.. 
....... --· .... 
·~"' • ":')r! 
.,i..,,. ! 
. ... _.. _.. .. ;_ .. ~~--:: ~-.:.~-. 
. -,:- ... . .. 
1~ 
{Edw13:rds,. 1960). During all incompatible presentations, the 
• r • 
subJectEi reported no movemen.t. Insteacl. they described the 
Physical sttuatioii: fl It looks as if both d\130S are lisl1ting 
Up. at thEl same time. fl · There was no evidence ror the occurrenoe 
of retinal r1va;i.;ry under any ex1teriI11ental cond:l.,ti6n for any .. 
.sub.Je.:c t .. 
,; 
Mean thresholds .over the ten subject'f1 fo:r the eigbt 
o:o·nd'iti.txns are given t,n Tab·le .-1 ... 
·' 
·' 
1YI$an .rriot·iort~ :$u-q,ce ~rs}on. ·th·r.$·sho:1¢t.s . .-for ·the 
el·grrt copdi.t .. ion·s b.:a.$e:d on. :·10:· sub: .. j:~.Gt~ • 
.. . 
,~ , C-c)ncLit ion 
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.D 
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•, 1, i· u:. lLt:p' •.. O· 
·t10· :m .. oyem·e"ri't: rep'ort.ed 
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. D::rsclJSSION 
-~-. ' ..... 
·The main :purpose of det_e·.rl.Ilining motion-success-
_i,_C>n ·thr.esh:o·1ds t-11. t}1is ~1c_pe·riment ,1as to gain a meas-µre of 
-. ~- -~-· . 
. , )' 
tJ.1:e= fac·t.ll_·ty· w.ith whi{!J1 --subjects c·ould perceive the phi .Ph{~~ 
:norn.enon~ Si~_ce- t,h~ mo-tion--.suoces:si-on. threshci=l·d .mark$ the 1.·ongest 
=temporal i-nterv~,l at whi:ch phi ~Ian oe seen, a high. thresho:ld.· 
! 
.i.s .it1d.icative ;_i,of a :g1?ea.t.er :ea·se of pe_r-ce:pt·ion t_na:n --~ l·:owe~ 
thr.e shcJld. -Tr:ecl.tm·en·t of ·the·· .da·t.a 1-ndica te s thc:l.·t ·rac:-il.i.ty ·bf· 
-~ .. 
J?,b..i per·ce-p:tloh was/ the sam(:f :for_ ·al.1 ·· the experi.ment.at c.on·d;i-. 
t·i-Ons· exe:'.ep.t the in·c,.om.p.·~ti:b.l·e: presentations. 
. . . d I 
'Bc)th Kohle.r· .. ·:s ana.1,y.s:f·s, of phi and -~he- :a:na:ly$:i.S.' 
./ 
. . -~ 
based on the MarshEl.11 i:Jihd Tillbot approach are suppo:rted. by 
the fact that phi was not perceived at any ttporal interval 
-.. during incompa t.i.b.l."e stimalat°'ion. 'r4$ ~na·_Iyse~ are . rt.at.= s,upport- · 
a 
-:eel, _howev·er, by th$- fin:ding; of -non-significan..ce: -in, :compar-
isons 1b 1 through 'g' ~ Comparisonp 'b' aud. !Qt wer6 bet:we.en 
thres.hOlds for phi-movement seen to the l";ight by each eyir 
' 
:s-:ep·arat·e·l·y ·versus to the .right fo.r :rrot·n ,eyes t.o:ge·ther. Com-
'
.. 1 . ,. ~" . . . . 
pa1,a_i_s·on.s· · o· · t1nd. 1:e · t.estea thresh·old.s _for ph·i ·-t,{? t;he lef,t 
for ea:c:h eye se:r)a_r.at·e.ly versus to. th·E;;: I·eft for bo-th eyes~·-···· ··""'····' 
d:ompa:ri$O'hs. ff 1·: and 'g' C'O~par·e.d threshol·ds for phi-movement 
t~o :e:ach eytJ in both direct·i·-ons. versus phi-movement to both 
': ~ 
:eye.s- _in ·onl;y one direct/ion_. }!ad an enhancement of the .. · 
: .. I:. 
..,, 
i:-'-; 
,._ 
.. 
•.• .t 
,. 
~-
•,.,;. 
·'' 
• 
16 
facili-ty· of perception. of phi occur:re_d, the above comparisons 
woul.d :.b.e expected to shoi1 significa:11_t differences·. 
The discrep_ancy in these finding.s· could be ac·cotU1t-
.. ; ed fo·r by assuming that both theories ~.re valid--that ph·1 is 
:inhibited in the manner .indicated and that ·phi 1§ enhanced, 
but by "less than a t.en rr1illis·eoon~- int·Ep·rval- could detect·. 
Were thi:s. the: :c:as_e. tben ~ se·c.0110. stud-y woul·d be suggested, 
using· intervals: of .five o:r: _perl1aps. two rrrilliseconds •. .In an; 
. / 
. . ( 
overview, however-·, tAe- .w.rtt~~· d.oe:-s: not t·tish to ct)ri-s·t.r\l~ J;.1;t:s 
,'~."· 
~._., 
·1 
s'i:,udy as a cruc:Lc1l e:x:pe-riment -to eithe~ ·the:ory-~ .Inde_.ed., 
.Kohler m.i_ght sugges·t ·m.inute differenc·es i:h t·he :re·si·s·t,OJtS i:n 
... 
·the· ·bases.: of the neon lamps--and th~:S stimulus i_nte:r1si ty 
:d·iffe:r.ences--as a possible source f'or non-similarity :of 
,.uinc.-:ornpatible" pre_sentat·ions·. The same comple .. int might be 
. . .· 
:_~c.1,_:·i.sed by_ ,Pro.pone-:nts of a Marshal:l and Talbqt -~na.lysis~ 
-It. :should be re1nemb$.r~<l t.bat b.o'th of the-:se th~.ori·es 
o:·f: :the ··v,iirua-1 perception of .nhi are ·a.t ·a.· loss to .eJtpl13.t:n. 
bii110.cularr i.ntegratio11 betw~en h$mi-spheres--KcShler·' s ·e·1·ec·tric-
a.l ,f.igure currents lr.ould have t·o pa.·ss unirnpeded across the 
hlen.i·nseal layers a11:d''~.r~bro-·sp·.inal fluid-filled s11a~es·. A 
Ma1}sha.11 and Ta,l:bo-t analysis-, ·is .. no better off ·s_:ince (a) there 
,. 
~r:e: no ~irect-. J1eural pathway·s b:etw·$·ep_ oontv~latera:1 .areas 17, 
:and (b) ther-e are sucl1 connections fo·r c·on.triflat·~rf~l -~r·eas 18, 
,• 
~· ,r ·. 
.. 
~· ,t; '-
V.iq; the corpus cal~um, but the re,l!a-t:i_onship betwe·e:ri areas-17 
.and 18 1.s diffuse and anything but point-for-point (Curtis, 
1.940.;- Bonin, Carol,· and, }!cCul16ch, 1942) ·~· Thus, interocular 
-~f-f~-c:ts could dominate durtng stereoscopic p_.resentat-ions to 
: .. ...;. .... ~,;, .. 
~ •,, 
:-· 
• f1 / 
·. 
,. 
. I 
i 
I 
I 
•. 11 
I 
1: 
i: 
l _ - -
Vi't''~~'"'.·:.::;·.,•;:;:v~.·~!-F<·· ",:lo >C<'• •·1•,,-'~ .,-,.. O • C 
. 'T." ' 
·"- . 
. ,, 
;-... 
- ·-
.. 
17 
.• ~. I 
..... -..-. . .. ·-
corresponding retinal po.lnts:, preventing an enhancement of 
the perception of phi du.ring compatible stimulation, and 
/· 
. pr.eventing, al together·, the p.er.c.¢pttC?n. o,f ph.i d1:Etr.l·i-n5 incom-
pati bl.e stimulation·. 
. ... 
A furt-her test of t,he f.i·e· .. 1.d. t'heory:,.· however, might 
be. c-t)nce··rn..ed with it.s sat.i-$..tion aspe.ct~ Were a phi presenta~ . .. . . . 1 
t·.io.n gi:ven- -to a· single eye- crontinuously for an extended per-
i·o:d. of' time, ·the :f·i-gure current caus(;}d 'by the .in.te·raction of 
the two-: projected terminaJ. "··obje·c·tsu would, und-e-r the theory, 
sii:t'iate the pathway in b_"etween·~- If phi-movement: ,,ere then 
_prf1s·e1tt~.d .i·n the oppos:ite dire·c'·tion to cor;resportcl:tng: r$t~nal 
. p.oin ts· ·o.f the :o.th.e .. :r· f?_ye, the. re sul:t-s should be ]?J?edic'.table 
'.in. te.r.ms of the wo·,rk don .. e. ·by· K&hl.er _and ~lalla.ch in this -ar~a· 
.. (.1:9:44) ~- Either a c._omplete absence .. of the percept:ion of phi . 
. m.1 .. ght be expec.te.d or el-se -a sli:Lf.ting o.r d'isp·la.cement of th.~ 
.norm·a1. hcir·iz:ont,i-1- c.ourse of phi a.wa:y frqm the line o:t" satiat.iorf.:. ·· 
· .:Jj:1.s stud_y· i.s· tl1.e r~_ct. that- differ~-r1q~:~· ·b.et·vr.~en rnon:oc.u.lar and 
· r):.t11ocular·-c-omp.atib:le p:res-enta:t.ions: we·re·: ri.o,t- o.b.ta·ined •. A pos-
s'ibl·e ·::exp-l.all~·t:i.on ·may .lie ·in the :f.ol.l,.qwing- .d:L-scussion: 
F.ecltrter 1 s pap.?,c;lox :rer·e:rs: ·to the fact th_a·,t wh~n a 
,c_::or:ref{p~on·d,j_r1g a:r·ea oJ~· ec1.ch r-etina ·receives a ·-stimulus.· of dif-
:f-e,re.n.t ::Lnten.s~i:t-y, th:e r.-esultj~ng percept is :one -of· a bright-
ne.$s~-1Eive1 somewp.e·re. 'bet~1e~n the brightn·esse-B of the tvTo t; . . . . . 
./; ,-, . 
. , 
.. 
·i:htens.ities -Eleen separately·. W.r1e11. the in.tens.it·i.es presen.ted 
·- 1 
t.o bot4. correspondi.ng .ret·inal a.reas are :~q~?;l, however, ·tne 
p.e·.rceivecL ·ori_ghtn·e.s:s ·is ·greitter than from: :o:ne s·timulus .a..;loner~ 
. ·i 
} 
•. 
..:..:.. _.:_ ;.;;... - - ~-:':.· ";• .::·..:.-... - .. -·-
- ··-··· - -~·- ...... --·-···.·· ~- ··- --····--·.-- ····-- ··- ----·--
~~---------
18 
(Bartley, .. f.roni Stevens, 1951) ~- During compatfP..l·e stimulation 
in this Stud~Y. the intensity of each of the successive flashes 
wa.s.· :r1:ec,e:ss·a:rily a·ccompanied by :9' simultane·ou.s: fla,qh_ t.o tn.e 
:eor:r·e.sp·onciing .r:e.tinal ,are-~. of the 'othe1~· .. :_r2/ye-: ·-r·t. c:an -t-hen ·be. 
ass~ed that each, ar·ea vra_-s rece·i.ving qil_ tncreas.ed. i-ntetts:ity 
·a,f ·stimul.ation over \hat re.·c·e·ived dur·ing a rnon~o-cu·lct:r· preserit~ 
.L. 
-~t:,i_on •. :If suc_h sti_mul~s. int:ensit·y diff·evenc-es_. were': projected , 
:in terms' .o,f'· :increa:sed nurtibe:r of :x1ervous impuls.eH,- :to·. the 
··str,.:L~t.'9 .. co·rat.e:x·:, tl1~:n, ·disre_ga:r.ding either of the tw.o tn.eorieJs 
prev:i-c).u.s1y d.i{icus:s~d_,. the: ,only ne·ur-oph·ysio,ic>e;.~Lc·.a-1 ¢h~h:ge:s· 
xlb.ien 111.-ight. ·be :.ex-p:e·c-t .. ed vv.ould oe· ·thos.e ~c .. c-otnpa.nying': the term-
·i.na,l p.os-·:ition·s- oI' t_l).e phf. s·t·imulus :Pr·ojecti:ons::11· Th€? work of 
' .. ··. .•. . "" 
N:e_~·a~s:(19;30) ·h·a:s _indicate'6t thq.t, __ contra·ry t-o on·e of Korte• s 
''laws·t:t, vary.irig the ·phi stimuli -o·yer a. \vide -r.ang·e of ~ntens•--
·rr the many assurnptions be. gta:nt;ed., ahd ·ther con-
:_I}~-Crt.·i.on:: '·1J.e't1feen the_ above. d·itrcu.s.-.slon and N_euhaus:·1 exneriment 
.. ~ 
lack of monoc:ula.r v.e.r$trs.. ·b_i.no:cular ·diff eJ?en..ee·q, in. -tl1.e per-
~. 
ception of phi in th.is: e·~ci}e·rimE?ni>-. ,A :s.imp.ler ·,ef ·_- ---- aria tion 
may, again, b.e r-·oun·d in. ·the ·p·-os.s.ib:il:i ty tha:t: t.en 
.in~l:rrval:s a~re -to.o gr-oss to ·d_e.te-c·t .su·cJ:1 d_if~L:~renc·es •. ,' . , .. 
-' ~-·· ·-·- .-.-·,-:A --s-imilaP typ:@ o.f :eri ti_c··1sm ma_y·. app·ly :to. the fc1crt .. 
that_ .·n.o e.vicLe11ce of r·et:inal r:iy-al.:ry or o·f do·minanc_e~:r 'w-a.s 
./ 
f-'o\.tnd·. :r.:r- e:i·tr:ie:r phenomenon di.d :occ:ur du:ring incompatible· 
st.inittlation .in thi.s e.xp·eriment, i-t: was fo.r :$U-Ch- a s.n.ort dur-
.a.:t-:i,on th9-t tb..e' ,aubj:,e.ots·_ c·o.uld. n-c,t rf)po-x,·t t.t.s. p:-re·se.nc:e-·~ 
·r:rhe -w.ri·t.e:r ·would 1:i·ke: .:t,o, c:o·nc:liide. 'wi.th ·the ·r.:~gt~:t_ 
... . ~- .:~ .. ~- ~ :· .· ... '. - :. . -.~_.-.- __ .· ... ·. ·... . ... :;. .... -
,. 
"· 
,. 
r ,, 
, .. 
' 
t·ha·t .m.ore q~~stt·ons: ,may:. ;have. o·een aslced than answered in 
this paper, but :a.lso· ,,nT:ith th.e .. h.ope that increasing neuro-
physiological eyia.e·nce ,in. the realm- of inter-ocular effects 
,fi-11 e,ven.tu.ally rnak.e auc.h regrets up..wa:rranted~ 
'. . 
·, ., 
-~·-~-·-. .:_. ··.--·~ 
. . 
' . 
' ·~. ----- :··· .. 
. .. · . 
.I, 
:- .. ;~: 
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. ~ .. '. ·:.; 
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/. 
Condition 
la 
ld 
2a 
2d 
3a 
3d 
4a 
4d 
Aa 
Ad 
la 
Bd 
Ca 
Cd 
Da 
Dd 
l 
2 
3 
4 
A 
B 
C 
D 
Condition 
l 
2 
3, 
4 
SUBJECT l 
Points of Response Change 
(a--ascending trial, d---descending tr1_al) 
160.8 
143.3 
no 
no 
Bloq,k ! 
180 
l(i-5 
170 
145 
no 
no 
no 
no 
200 
155 
220 
200 
210 
220 
180 
165 
Block 2 
200 
120 
165 
115 
no 
no 
no 
no 
170 
135 
170 
180 
170 
155 
180 
160 
Thresholds 
172.5 
157.5 
no r .. 
no 
177.5 
210.0 
215.0 
172.5 
' l 
160.0 
140.o 
no 
no· 
lt52. 5 
175.0 
162.5 
110.0 
~Mean Thresholds (over three blocks) 
Co11gi~~o~ 
A 
B 
C 
D 
168.3 
180.0 
182.5 
174.2 
21 
Block 3 
180 
120 
125 
140 
no 
no 
no 
no 
190 
. 160 
180 
130 
190 
150 
190 
170 
150.0 
132.5 
-·no 
no 
175.0 
155.0 
170.0 
180.0 
..., __ --·~· ,:;,. < 
'e• • •, ·."; • • ~ •, ,',S C .. • .,, • '" ,;.'· ~I'·· • .-·.· ' 
-. 
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SUBJECT 2 
Points of Response Change 
(a--aecending trial, d--descending trial) 
Condition 
la 
ld 
2a 
2d 
3a 
3d 
4a 
4d 
Aa. 
Ad 
Ba 
Bd 
Ca. .L 
Cd 
Da 
Dd 
1 
2 
3 
4 
A 
.. B 
C 
/ D 
Qondit\oll 
1 141.7 
2 147.5 
:, no 
4 no 
~loqk 
170 
85 
180 
105 
no 
no 
no 
no 
180 
105 
* 
180 , 
8·5· .. ·.:·· -
.- ·.·:: ...... 
Block g 
180 
120 
180 
110 
no 
no 
no 
no 
180 
110 
190 
105 
' .... : ·; _. . 
. ' ' . . : .-'if~ '.~:~ .. ·. ~-\. : · ... 
180 · ;~' >. (:.,-_ ~ · , -:.: .: .. /. .,., 170 
. · 150 ~l ,, '.·, ... • 130 
170 180 
140 135 
Thresholds 
127 .5 
142.5 
no 
no 
142.5 
132.5 
165.0 
155.0 
~, 
,,.,,, .... ,/' 
( 
.. ',:: 
150.0 
145.0 
no 
~ . no 
<'', 145.0 
147.5 
150.0 
157.5 
Mean Thresholds 
(over three blocks) 
Qondit'=,on 
A 
B 
C 
D 
147.5 
· 151.7 
158.3 
155.8 
_::_ --,_ 
Bl~ck ~ 
190 
105 
180 
130 
no 
no 
no 
180 
130 
190 
160 
190 
130 
180 
130 
147.5 
155.0 
no 
no 
155.0 
175.0 
160.0 
155.0 
I 
. I 
··· .. 1 
I 
I 
_,,. ·~ 
-.,, - -
·---··---· • ...... ..-.... •••. , ....... -~ ...,.... ·- , .......... .,,. .• , ............. _ .............. ->., ···fill'\•• _.,n •· . ...... ,......... ... ,, 
Oonq.~ ~1011 
la 
ld 
2a 
2d 
3a 
3d 
4a 
4b 
Aa 
Ad 
Ba 
"ad 
Ca 
Cd 
Da 
Dd 
1 
2 
f 
SUBJECT 3 
Points of Response Change 
(a--ascending trial, d--desce~ding trial) 
, .. , 
, r I 
._I 
., 
Block l. 
165 
105 
170 
110 
no 
no 
no 
no 
170 
105 
165 
110 
170 
110 
165 
110 
135.0 
140.0 
no 
Thresholds 
Bloo1t 2 
- 1W'WSC CNr· _. 
165 
105 
165 
120 
no 
no 
no 
no 
14"5 
. 105 
170 
130 
155 
110 
165 
120 
135.0 
142.5 
no 
..,, 
-·----··. -· ---~--·- - ···-··· .. , ... ~ .. ~~·-·---:,- :·-,.:. ··· .. - ' - . - 3 --- ----- ........... -----·-··-- -4 
. ------
A 
B 
C 
D 
Qonqi~~on 
l 
2 
3 
4 
136.6 
140.o 
no 
no 
no no 
137.5 t -··· 125.0 
137.5 150.0 
140.0 132.5 
137.5 142.5 
Me~n Thresholds ' (over three blocks) 
Condition 
A 
B 
C 
D 
135.0 
143.3 
139.2 
139.2 
--- . ·- -- -· . . ._,__ -- - - - ,. 
I 
- 23 ____ _ 
Block; ~ 
;,-::--: 
170 
110 
165 
110 
no 
no 
no 
no 
180 
105 
180 
105 
180 
110 
170 
105 
140.o 
137.5 
no 
no 
142.5 
142.5 
145.0 
137.5 
,. ,. 
0-. -
\ 
- : 
I 
l 
I 
f 
i 
I ,. 
t-
r,: 
~ 
~~ 
tt 
r.' 
C 
f 
.f; 
% 
~ 
;: 
f' { 
•; 
, .. 
' ' 
Condition 
·----
la 
ld 
2a 
, 2d 
3a 
3d 
4a 
4d 
Aa 
Ad 
Ba 1 
Bd 
Ca 
Cd 
Da 
Dd 
1 
2 
3 
4 
A 
B 
C 
D 
Qon(11t1on 
l 
2 
3 
4 
_; .. : .. ·.-_-:, .. 
SUBJECT 4 
Points of Response c·hange 
(a--ascend1ng trial, d--descend1ng trial) 
156.7 
142.5 
no 
no 
Block 1 Block 2 
145 165 
140 160 
145 170 
105 1.30., 
no no 
no no 
no no 
no no 
155 170 
120 170 
180 190 
120 130 
155 170 
150 180 
170 170 
95 160 
Thresholds 
142.5 162.5 
125.0 150.0 
no no 
no no 
137.5 170.0 
150.0 160.0 
152.5 175.0 
132.5 165.0 
Mean Thresholds (over three blocks) 
Condition 
A 
B 
C 
D 
152.5 
150.0 
165.a 
155.8 
. ·---- :_., ... " • ..: ...... : .... - ~---t_.·,-:..;; .. _:.,.~ .;·,-·-.. -· ..... _ ... ____ ... ··-:.,,.-------·-;.~~~-: _____ -,. .. __ ~-· __ .... _._:.. ____ ·.-·-: ... ~-,. ··-=·---'= -.~.~-·--.- ·--=- ... .,.-.,, ,--:.··-·-,:,--
Block ~ 
170 
160 
165 
140 
no 
no 
no 
11 
no 
170 
130 
170 II I 
II 110 ,I Ill 
11' 
II 
180 ' Ill 
160 
180 
160 
11, 
165.0 I 
':I 
152.5 I no II, 
no 
150.0 
140.o 
170.0 
170.0 
.~-· - ;-... -....... ·-...... ·: .. -. - - -
{:, 
~ ..... . .,..,. 
y, 
-;,-., 
1,:· 
~: 
.\ . 
. ' ', 0.:. , .. _, .. ; 
.t,:.I. 
.-
·t. . . 
- SUBJECT 5 
Points of Response Change 
(a-~ascending trial, d--desc&nding trial) 
Condition 
la 
ld 
2a 
2d 
3a 
3d 
4a 
4d 
Aa 
Ad 
Ba 
Bd 
Ca 
Cd 
Da 
Dd 
1 
2 
3 
4 
A 
B 
C 
D 
. ' 
Condition 
l 
2 
3 
4 
144.2 
151.7 
no 
no 
Block l Bl;.ock ~ 
if'~ 
.__ 
?" ·-c. 
165 170 
110 120 
180 145 
105 " 150 
no no 
no no 
)>, -. 
no no 
no no 
165 145 
140 140 
170 170 
110 150 
165 180 
105 150 
190 165 
130 140 
Thresholds 
137.5 145.0 
142.5 147.5 
no no 
no no 
152.5 142.5 
140.0 160.0 
135.0 165.0 
160.0 152.5 
Mean Thresholds (over three blocks) 
Condition-
A 
B 
C 
D 
- .,. .. -.. -~·" . 
146.7 
151.7 
145.8. 
154.2 
···-
:7'l 
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I Blogk 3 
170 
130 
\... 
180 
150 
no 
no 
no 
no 
180 
110 
170 
140 
165 
·~. 
110 
170 
130 
150.0 
165.0 
no 
no 
145.0 
155.0 
137.5 
150.0 
-···-· - _...,, ,._· • .-...:: .. ·-,· ...... ou'•"_.:.' .·--.· .... ,; •.'.- ::.._;., ... ..:...,:. - -·, ·-· -- ____ .;._ -····--·•• ••• H~•o .'-.•• :-.~.·- .,._. __ ·:..· •• ,..:.•.:: •••. ,._, •. : • .:•,! ..... • ... ,.~;;...•:..;,.,...;....•..:.- ----·---·· ~~- ... ·-'·~·_.;,_·. ··,; .. -. •. 0 _.'"••: ._.,'.,''·-· ..... ,. ~·-·--r.·······-···, •,,,,,;.,,.;,--:;, 
' ,/ 
I 
I 
I 
l 
I 
I 
I 
1 
! j 
i 
Condition 
la 
'ld· 
2a 
2d 
3a 
3d 
4a 
4b 
Aa 
Ad 
Ba 
Bd 
Ca 
Cd 
Da 
Dd 
l 
2 
3 
4 
A 
B 
C 
D 
Condition 
l 
2 
3 
4 
.-.. -~_ ... _ ..... ,,,. 
_,_ ~ 
SUBJECT 6 
Points of Response Change 
(a--asoending trial, d~-descending t~ial) 
#:"' 
151.7 
155.0 
no 
no 
.. 
Block l 
170 
120 
170 
110 
no 
no 
no 
no 
165 
130 
165 
140 
180 
110 
170 
110 
145.0 
14o.o 
no 
no 
147.5 
152.5 
145.0 
14o.o 
Thresholds 
Block 
170 
130 
180 
130 
no 
no 
no 
no 
170 
120 
170 
140 
.180 
140 
165 
130 
2 
150.0 
155.0 
no 
no 
145.0 
155.0 
160.0 
147.5 
Mean Thresholds (over three blocks) 
.,,_ j Condition 
A 145.8 
B 157.5 
C 156.7 
D 147.5 
,,,....;..: - . --:---···-··-- ---····--···· ,. -·- ·-· --· ~·-· ....... ·----- ._.····'.·'• 
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., 
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B;Lo.~k ~ 
190 
130 
180' 
160 
no 
no 
no 
no 
170 
120 
170 
160 
180 
150 
170 
140 
160.0 
170.0 
no 
no 
145.0 
165.0 
1·65.0 
1.55.0 · 
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Condition 
la 
. ld 
2a 
2d 
3a 
3d 
4a 
4d 
Aa 
Ad 
Ba 
Bd 
Ca ' 
Cd 
Da 
Dd 
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SUBJECT 7 
:r 
Points of Response Change 
(a--ascending trial, d--descendlng trial) 
Block l Block 2 
115 155 
85 160 
170 165 
85 105 
no no 
no no 
no no 
no no 
145 145 
95 105 
\l 170 170 
,., . 105 95 .. ":,'Ji'.'·••. -: . 
'. 135 155 
105 95 
,. 125 165 
95 85 
Thresholds 
100 157.5 
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Block 3 • 
170 
115 
170 
105 
no 
no 
no 
no 
165 
105 
170 
105 
170 
120 
165 
105 
142.5 
2 ~ 127.5 135.0 -· ---- ----·137,5 -
3 no no no 
4 no no no 
A 120.0 125.0 135.0 
B 137.5 132.5 137.5 
C 120.0 125.0 14~0 
D 110.0 125.0 135. 
\ 
. )* 
Mean Thresholds 
( over three blooks) 
Q.oud1t+on .Q.Qnd1 t1on 
1 133.3 A 12.6.7 
2 133.3 B 135.8 
3 no 0 130.0 
4 no D 123.3 
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SUBJECT 8 
Points of Response Change 
{a--ascending trial, d--descending trial) 
Condition 
la. 
ld 
2a 
2d 
3a 
. 3d 
4a 
4d 
Aa 
Ad 
.. 
Ba 
Bd 
Ca 
Cd 
Da 
Dd 
1 
2 
. ;· .. 
4 
A 
B 
C 
D 
Qond1~1on 
1 151.7 
2 156.7 
3 no 
4 no 
Block l Block 2 
170 170 
130 150 
170 180 
130· 150 .. r. :1 ,. ~ 
no no 
no no 
no no 
no no 
180 170 
110 105 
170 170 
130 105 
170 170 
85 105 
170 170 
110 140 
Thresholds 
150.0 ·.i 160.0 i 
150.0 tl65 .o 
······ no · · · -· -.. ---·" -----· -· · · no · 
·i 
no . no 
145.0 137.5 
145.0 137 .5 
127.2 137 .5 
14o.o 155.0 
. ' 
' 
Mean · a'hresholds (over three blocks) 
Cond1·t1on 
A- 144.2 
B 141.7 
C 143.5 
D 155.0 
__1.~ 
. 
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Block ~ I 
170 
120 
170 
140 
no 
no 
no 
no 
190 
110 
170 
105 
180 
150 
.200 
140 
145.0 
15S.o 
·no 
no 
150.0 
137.5 
165.5 
170.0 
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I 
Condition 
la 
ld 
2a 
2d 
3& 
3d 
4a 
4d 
Aa 
Ad 
Ba 
Bd 
Ca 
Cd 
Da 
Dd 
1 
2 
3 
4 
A 
B 
C 
D 
Condition 
1 
2 
3 
4 
., -;_ 
SUBJECT 9 -?.-· 
Points of Response Change 
(a--ascending trial, d--descending trial) 
140.o 
141.7 
no 
no 
Block 1 
170 
110 
180 
110 
no 
no 
no 
no 
170 
110 
170 
105 
190 
120 
190 
105 
Block 2 
--- ........ 
165 
120 
170 
105 
no 
no 
no 
no 
170 
105 
180 
110 
· 170 
120 
180 
110 
Thresholds· 
140.o 
145.0 
no 
no 
140.o 
137,5 
155.0 
147.5 
142.5 
137.5 
no 
no 
137.5 
145,0 
145.0 
· ,145.0 
Mean Thresholds 
(over three blocks) 
Condition 
A 
B 
C 
D 
.138.3 
140.8 
149.5 
144.2 
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\ 
Block__J 
170 
105 
180 
105 
no 
no 
no 
no 
170 
105 
170 
110 
190 
105 
1 
170 
\,.~110 
137.5 
142.5 
no 
no 
137.5 
140.o 
147.5 
140.o 
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SUBJECT 10 
Points of Response Change 
(a--ascending trial, d--descend1ng trial) 
Condition 
la 
ld 
2a 
2d 
3a 
3d 
4a 
; 4d 
" 
Aa 
Ad 
Ba 
Bd 
Ca 
Cd 
Da 
Dd 
l 
2 
3 
4 
A 
B 
C 
D 
Condition 
1 
2 
3 
4 
136.7 
138.3 
no 
no 
Block l 
180 
105 
180 
105 
no 
no 
no 
no 
170 
110 
170 
120 
155 
130 
180 
95 
-
Bloqk g 
165 
105 
165 
95 
no 
no 
no 
no 
170 
95 
180 
105 
180 
85 
190 
110 
Thresholds 
142.5 135.0 
130.0 
no 
142.5 
no 
no 
140.o 
145.0 
142.5 
137.5 
no 
132.5 
142.5 
132.5 
150.0 
Mean Thresholds 
(over three blocks) 
Condition 
A 
B 
C 
D 
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}3lock 3 
160 
105 
180 
105 
no 
no 
no 
no 
170 
95 
160 -
125 
180 
130 
190. 
105 
132.5 
142.5 
no 
no 
132.5 
142.5 
155.0 
147.5 
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